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FPA NOTICE

This report has heen writien as a part of the activities
of the Environmental Engineering Committee of the Science
Advisory Board, a publiic advisory group providing primarily
extramral scientific information to the Administirator and
other officials of the Environmental Protection Agency. The
Board is structured to provide a balanced expert assessment
of the seientific matters related to problems facing the
Agency. This report has not been reviewed for approval by
the Agency, and hence its contenis do not represent the
views and policies of the Environmental Protection Agency,
nor does mention of trade pames or commercial products
constitute endorsement or recommendation for use.
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BACKGROUND

On July 30, 1982, the Environmental Engineering Committee
(EEC) was asked to review the "QCRA Risk/Cost Policy Model
Project Phase 2 Report™ (RCRA report), dated June 13, 1982,
The report was prepared for the Office of Solid Waste, USEPA,
by ICF, Inc., Washingtoﬂ, D.C., 8SCS Engineers, Reston, VA and
Clement Associates, Washington, D.C. The Committee was assisted
in its review by three consultants:

Dr. Julius Johnson

Member, Executive Committee

Science Advisory Board

Dr. M, Granger Morgan

Department of Engineering and Public Policy

Carnegie-Mellon University

DPr. Francis C. McMichael

Department of Engineering and Public Policy

Carnegie-Mellon University

. The review cpn@isted of a briefing at a meeting of the

EEC on July 30-=-31, 1982 by Mr. Curtis Haymore, Office of
- S0lid Waste, on the objectives of the project and the general
nature of the Report. The Report was then individually
reviewved by the\Cbﬁmipxge‘membe:s and its consultants. The
Report was discusﬁeqjgt léngth at an open meeting of the EEC

held on September 28, 1982 in Washington. (Minutes and a

verbatim transcftp;*&iéfﬁvailabie for public review in the

Agency’'s Commities wmeht Office). At that meeting
comments were alsc fédgived.from other Agency personnel, the

QOffice of TEChHOlOEYlQESESSmEBt (U.8. Congress), and the



Epvironmental Defénse Fund. Association. This report presents
the results of the Enviromental Engineering Committee's

review. General comments are noted first; Committee views

on specific issues raised by the Office of Solid Waste follow.

The report c¢loses with a summar& and recommendations.

GENERAL COMMENTS

1. MODEL CONCEPT BASICALLY SOUND
With the reservations noted in the remainder of

this report, the Committee feels that the RCRA Risk/Cost Policy
Model is basically sound in its concept and construction. Izt
should be particularly useful in helping EPA policymakers
understand the complex interactions between hazardous wastes,
their effects, and the means available for their management.
There was, however, a per&asiVE uneasiness about the intended
uses of the model. Most members agreed that the model is
potenti&lly useful as a tool to help screen or rank alternatives,
as a part of more detailed regulatory impact analyses. At
least some EPA staff seem to understand fully what the model
<can and cannot 4o. There are other indications, however, in the
report (see, for instancé; page 1-11 parﬁgraph 2, or Exhibit 1=1,

pagell—z, which imply a more direct link betiween the model and

:reguiatqry decisions) andfelséwhere, that the model will be

the basis for regulatofy decisions. The Committee strongly

believeswmhnx@¢heﬁmﬂdel is‘nct scientifically or technically
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adequate to be the sole basis for regulatory decisions, nor

can it be reasonably modified to fulfill that purpose.

2. THE DATA BASE HAS SERIOUS DEFICIENCIES

The report outlines seyerai-data base components, which
basically can be categorized as "waste related” and "technology
related." The waste related data base was derived from 83
waste streams identified from Part A RCRA applications and
specified EPA contractors' reporits. Of these 83, 20 are
classified as "NOS" or "Not otherwise specified,” the
characterization of which significantly depends upon subjectivity
as to the constituent of concerﬁ. The other 63 are characterized
in more detail, listing several critical comstituents. The
weaknesses of this waste related data base include:

A. These 83 streams represent 22.6 million tons/
vear, which is approximately one-~half of the
estimate of 41 million tons/year by Putnam,

‘Hayes and Bartlett, Inc, an EPA consuliant

cited in the report.

b. The Part A applications from which data were
- taken may be insccurate.

C. Not &1l of the B3 streams are currently
designated by EPA as "hazardous" (some of
these are not Subtitle C wastes only because
of thelr "small quantity generator" exemption,
and are‘ in fact, hazardous).

base is dvnamic,,
are being-used to%gugmeﬁtathe waste stream data base as

outlined in the Phase 2 report.




j

It is the consensus of the Committee that the waste
stream data base, which represents only a fraction of the
total hazardous waste generated, is taken from RCRA applications
of questionable accuracy, and is compounded by the subjectiveness
of eritical constituent selection (subject to the receiving
media), is inadequate. Subsequent accumulation of data from
site visi;s and questionnaires, plus the possible addition

of SBuperfund information, may broaden this base.

The "technology related" data base received considerable
comment, particularly with respect to cost accuracy, release
rates, and treatment technology applications. The eriticisms
of cost estimates include:

a. the apparent lack of present worth analyses,
' adjustments for geographical location, and
: appropriate discount rates adjusted for plant
- 1ife; and
1) the failure to incorporate third party liability
~costs, which have previously been cited by EPA
as major costs in RCRA ¢compliance.

Concerns about release rate data center on what appear
to be subjective judgments about phase separation and
transformation effici&nciés, rather than on reliance on
published performance ‘data. Subjective judgment also prevails
with respect to .ireatment technology, rather than providing

data on documented plarnt performance in such areas as process

appliéability,‘matéﬁing‘ﬁnit brocesses with waste streams,
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and pre&icting process ﬁerformance. Biological treatment is
completely omitted without rationale or justification, even
though some hazardous wastes are hiodegradable. (The land
treatment disposal technology is, in fact, used in the model
only for biodegradable wastes.)

In summary, the data base is neither complete nor
representative, and relies far too heavily oh subjective

Judgment.

3. THE MODEL HAS NOT BEEN TESTED OR VERIFIED

It is erucial that the model, as 1t now stands, be tested
and verified. 1In particular, sensitivity testing must be
done in such a way that users may explore how the selection
of objestive functions and input values affect the conclusions
that-or} draws from the model. Since many potential users
will nrﬁ have the background or training to make these judgments
intuitively, it is important that these sensitivity analyses,
and the results obtained, be clearly and carefully documented.
fThis testing must certainly precede any practical application

of the model.

4, HEALTHﬂEFFECTS.ENADEQUATELY TREATED

The model treats all health effects identically, whether

they occur.in many BC ed incidents or one big accident,
whether they occur immediately after exposure Or mMany years

later, and whethér“they involve death, serious disabiliiv, or

-5 -
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minor and perhaps reversible effects. The model also fails
to acknowledge the wide variety of other factors which may
influence one's perception of risk or cost, associated with
even a single health end point, such as death. The Committee
feels that some differentiation should be attempted, and the

results evaluated,.

2. INFLUENCE OF EXISTING STATE LAWS AND REGULATIONS NOT
RECOGNIZED
Some states have laws or regulatioms which are more
sTtringent than those of the Federal Government. This is likely
to continue to be the case, and some means must be provided
to accommodate these differences in the analysis of regulatory
alternatives. These means should be explicitly stated, though

they need not necessarily be a part of the model itself.

6. REPORT RELIES TOO HEAVILY ON OPINION

The report is replete with the unsubstantiated opinions
«»f unnamed authors, with peither gpecific literature references
nor a detailed explagation of the logic and rationale for the
judgments which are made. This is a serious problem, in view
-of the inherent compiexity of the model and the fact that
users of the model (and interpreters of its results) may not
- be aware of theéqkqpmpléxities. ‘The results of models which
use linear progréﬁéingﬁBptiﬁiZations, for instance, can vary

" with the choice 6f-abjective function, even though the



technical details are unchanged.

7. COMMENTS ON SPECIFIC ISSUES RAISED BY THE OFFICE OF

S0LID WASTE

When the Committee was briefed om July 30, 1982,

Mr., Curtis Haymore, Office of Solid Waste, provided a list of
issues on which he specifically wanted SAB comment. These
issues and the Committee's responses follow.

1. "Are general models a potentially useful way to help
analyze policy options in the regulation of hazardous waste?
Specifieally, can enough generalities be made to construct a
meaningful model or are the differences among specific sites too
great and variable to make broad comparisons? Is the level of
understanding advanced enough to justify attempts to develop
models, or are the uncertainties so great so as to preclude
attempts &t more comprehensive apalyses at this time?"

General models have merit and may be useful in the ezarly
analysis of policy optioans, and as a screening tool when
order-of-magnitude differences are appropriate. Large
differences between waste mixtures, site environments,
available facilities, levels of hazards, and state regulations
‘preclude more specific uses of the model. 1In spite of its
deficiences, the model is & first step, and further testing
and development of the model should proceed.

2. "The model defines waste;environment-technology
combinations as the units of andlysis when assigning risk and

cost scores. It this 2 useful eoastruct for evaluating the
threats of hazardous waste to human health and the environment?"



The waste~environment-technology construct effectively
organizes the wide variety of considerations involved in the
evaluation of waste management glternatives to minimize risk
on & cost-effective basis. 'Judgments about the usefulness
of the construct for assessment purposes must await testing
and evaluation; however, a review of the model's componenis
Suggests a variety of oversimplifications and flaws due to
poor data or inadequate parameterization. These, combined
with the considerable subjectivity and judgment needed to
initiate model calculations, lead the Commiitee to strong
reservations about the ability of the model, as presently
constructed, to make logically defensible EValﬁations. A
thorough‘testing and evaluation of the model could increase
the level of confidence.

3. "The model uses order-of-magnitude differences between
relative risk levels. Is this level of precision sufficient
for the priority-setting purpose we intend for the model's
results? Is it important and necessary, or impractical, to
calibrate the model to attempi to predict absolute risk levels
.rather than to estimate relative risk?"

The order-of-magnitude differences between relative risk
lefels are sufficiently precise for general screening or
ranking.purposes. ﬂuman heaith risks are calculated using
two majof*compcnents, the severity of physiological response to
‘8 gilven exposure and the statistical probability of that
exposure teking place. Both are complex functions and poorly
understood. ‘It would, therefore, be neither practical nor

-8 -



necessary to refine the model (it would certainly be more
than a calibration exercise) to predicti absolute rather than
relative risk. Even an attempt to achieve an order of
magnitude precision by methods available today is probably
optimistic.

4. "To derive & single scale for scoring health effects,
we matched scores for graded and dichotomous responses by
assuming that a dose of the MEDyjgy (in humans) corresponds
roughly to a probability that one percent of the exposed
population will suffer a substantial adverse effect. The
scales also generally assume no threshold level of effectis.
Are these approximations appropriate to the level of datsa
used and the expected use?"

There is no evidence that the matching of graded and
dichotomous health responses, by assuming that an MEDyq dose
in humans corresponds to a probability of one percent of the
exposed population suffering a substantial adverse health
effect, is valid. This approach neglects the severity of the

injury, and, for example, equates reversible and irreversible

health effects. It is an adequate assumption for a preliminary

‘scre‘ening tool, but the assumptions negate the use of the

model for any quantitative evaluation of human health impacts.
Even for preliminary Ecreenlng, gome measure of the severity
of the responses should be 1n¢1uded. The no-threshold level

of effectss is a‘reaqqn‘b;g.assumption for this model.




5. "The scoring procedure for graded responses makes no
distinction between compounds that produce different types of
responses (e.g., dermatitis vs. reproductive dysfunction).

Is the proposed approach of eventually testing alternative
weighting schemes an appropriate method of comparing effects
or is there a generally accepted way of balancing different
health effects?"

There is no generally accepted way to balance different
health effects. The wide variation io health effecis,
mechanisms of toxicity, and toxicity variations related to
chemical state are such that the proposed approach is not
appropriate. A weighting scheme should be developed, as
noted above. As a first step, ceontact should be made with
the NAS/NRC Board on Toxicology and Environmental Health
Hazards (Executive Director, Dr. Robert Tardiff, 202-334-2616).

6. "In improving the model and the base, on which areas
would it be best to concentrate resources (e.g., sensitivity
testing, release rates, inherent hazard scoring for more
gcompounds, waste stream characterization, delineation of
environmental categories, environmeniszl trensport mechanims,
incorporating the strength of evidence of alternative toxicity
studies, incorporate ecological effects)?"

Improvement of the model cannot reasonably begin without
a thorough assessment of the ability of the model, as it now
stands, To process real data and to produce results that are
reasonable by some standard. Initially, that standard can
only be intuitive—-doés“the model output lead to conclusions
ahbﬁt@iﬁ%ﬁtive“fisks‘and qos:s that are reasonable to an

experienced expert? Sensitivity testing, as described above,
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is the first step to be taken. If it can be shown that small
errors (or uncertainties) in input would produce results that
would cause decisions about alﬁernatives to be reversed, the

model would be useless, and,wouid require extensive revision.

T "The technologies addressed in the report include
not only hazardous waste technologies that OSW has the primary
responsibility to regulate, but a2lso underground injecticon
and ocean disposal, which are regulsted by other EPA offices.
Is it appropriate to consider "non=08SW" technologies in the
model?"

Assuming that the model is to be used for broad strategic
analyses, not only in OSW but elsewhere in EPA, it is
appropriate that "non-08W" technologies be ipnecluded. The
appropriate strategic analyses that may be considered by an
improved model that has been adequately tested and verified
include:

B intermedia transfer of pollutants (evaluation of

types,~ﬁmounts);

b. better approaches to end-of-pipe technologies for
treatment.and disposal of wastes designated as
hazardous, as well as those that may have an
adverse effect on the environment;

C. appfOpriate'usés/directions‘for research and development

(R&D) to meet obvious data needs; and

d. régnl@ﬁ&& ;p?qachES that may be less successful
due to an inadequate dataz base on the fate/transformation/
effect of a waste or by-product.
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SUMMARY AND RECOMMENDATIONS

The Committee believes that the basic model coustruct is
sound and that the order-of-magnitude differences between
relative risk levels are sufficient. The model as it now
exists (and is likely to exist in the future) is not technically
adequate to be the sole basis for regulatory decisions, bui
rather should be used as a tool to screen or rank alternatives
as part of a more detailed analysis. The data base has
serious deficiencies and represents only about one=half of the
hazardous wastes now heing geperated. Some waste stream data
is taken from Part A RCRA applications, and hence may be
inaccurate. Cost data are not geographically adjusted and do
not include third-party liability costs. Bubjective judgment,
rather than documented performance, seems to dominate the
technology date base. The model has not been fested and
verified, nor has its sensitivity to the selection of objective
function and to input parameter variastion been evaluated.

This is, perhaps, the most pressing problem to be addressed
and must be done before the model can be applied to actusal
régulatory analyses. The model treats all health effects as

equally severe, whether they result in reversible injury or

in death. :The Commi: ig‘ieels that some methed of differenti-
ating the severity of iﬁjury should be included. There is no
recognition in the model of the influence of state laws and
regulations (which may be much more stringent than Federal laws)
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on risk/cost analyses. Finally, the Phase 2 report relies far

t00 heavily upon the unsubstantiated opinions of unidentified

authors.

These judgments and opinions should be replaced, where

possible, by references and, data on demonstrated plani performance,

and by c¢learly stated logic and rationale.

RECOMMENDATIONS

The Committee recommends that:

1.

The Office of Bolid Waste continue to develop

the model.

Testing and validation, including adequate

sensitivity analyses, be given first priority.

The data base should be carefully reviewed for

both accuracy and completeness. In particular,

the waste stream data base should be enlarged,

and existing data carefully checked for accuracy.

The technology data base should be updated as well

and should include biological treatment, or clear
logic for its exclusion.

The report should be rewritten in a more clear, specific
manner, This is particularly true if later versions
of the report will be used as a "users manual" for the

Model..~Arbitra:y or unsubstantiated statements should

- he eliminatedfiﬁﬂéféplaced‘with statements based on
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documented fact or clearly stated logic. All Model
assumptions should be clearly stated, preferably in
one place. Authors of sections or chapters should be
identified.

5. The report should ineclude a concise, technically
specific agd subsﬁantive Executive Summary, which
should include a clear, unambigious statement of
project objectives and intended Model uses.

G The Report should include clear, specific statements
about the implications of such factors as the choice
of objective functions, and the influence of those
choices on modeling results.

7. The Model should be modified to provide some means
for differentiating levels of health risk.

8. There should be cleoser coordination between OSW and
the U.S. Congress' Office of Technology Assessment (OTA).
OTA has completed a draft review of the RCRA Risk/Cost
Policy Model., This draft should be provided to
the Agency, and areas of disagreement should be

resolved.

The Committee would, finally, like to express their
appreciation to all parties participating in the review, and

particularly to Mr. Curtis Haymore for his patience and cooperation.
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